Objective: For secondary adrenal insufficiency (SAI), established biochemical parameters for dosage control are lacking and no optimal substitution dosage and daily distribution have been determined yet. Therefore, in clinical practice, the individual total dose is often adjusted based on patients' subjective well-being. Design: Effects of three standard glucocorticoid replacement regimens on psychological variables were assessed in patients with SAI based on a randomized double-blind study design. Methods: SAI patients (nZ18) were treated with three different established glucocorticoid replacement regimens in a randomized, double-blind, crossover study (treatment A, hydrocortisone 10 mg-placebo-5 mg-placebo; treatment B, hydrocortisone 10 mg-5 mg-placebo-5 mg; and treatment C, prednisone 5 mg-placebo-placebo-placebo). Following each 4-week replacement regimen, quality of life (SF-36) and emotional distress (brief symptom inventory (BSI)) were assessed along with diurnal changes in current well-being (Bf-S) and alertness (Stanford Sleepiness Scale (SSS)) using validated questionnaires, and additionally compared with patient (patients with pituitary disease and adrenal sufficiency) and healthy control groups. Results: SAI patients showed improvements in physical quality of life (i.e. SF-36 physical function, P!0.05; physical role function, P!0.05) and current well-being (at 1800 h, P!0.05) under treatment A (hydrocortisone 10-0-5-0 mg) compared with the other replacement regimens. Quality of life and current well-being were significantly impaired compared with healthy controls but did not differ from patient controls. Conclusions: Although the observed improvements in psychological parameters were comparatively small, our results indicate beneficial effects of a 10-0-5-0 mg hydrocortisone replacement regimen. Nevertheless, treatment effects were insufficient to restore subjective health compared with healthy controls, indicating the need for improved replacement regimens and supportive psychosocial interventions in SAI patients.
Introduction
Adrenal insufficiency (AI) has a major impact on quality of life and subjective health (1, 2) and increases the risk for affective disorders (3) . Hydrocortisone (HC) and the synthetic steroid prednisone are the most commonly used compounds for substitution therapy. As established biochemical parameters for dosage control are lacking (4), the individual total dose is adjusted based on subjective parameters such as fatigue or quality of life (1, 4) .
Previous studies found little differences between standard replacement regimens and their effects on subjective health and quality of life (5, 6, 7, 8, 9) ; however, many of these studies were cross-sectional (7, 8, 9) . Other studies investigated less physiological HC regimes, suggesting an advantage of imitating the circadian rhythm of cortisol secretion (10, 11) . Experimental crossover studies offer the advantage to control for interindividual variation as each patient is treated with different replacement regimens and is hence his or her own control. However, such studies are generally scarce and included only a very small number of patients (i.e. 7-14 patients). The only study in patients with secondary AI (SAI) thus far (6) could not detect an effect of different HC dosages (i.e. 15, 20 , and 30 mg/day) on subjective well-being. This may, however, be attributable to the small sample size of nine SAI patients and/or the comparatively short treatment period of 2 weeks. Furthermore, differences in timing of the doses were not studied. The remaining studies assessed only patients with primary AI (2, 10, 11) or did not differentiate between patients with primary AI and SAI (5) . Hence, the aim of this study was to analyze the effects of three glucocorticoid replacement regimens commonly administered in SAI patients on a broad range of psychological outcome parameters. We implemented a double-blinded, randomized, crossover design and additionally compared the main psychological outcome parameters to data from patients with pituitary disease and adrenal sufficiency as well as to an age-and sexmatched healthy control group.
Materials and methods

Study population
Medical records from nZ248 patients who had undergone pituitary surgery at the University Hospital of Essen, Germany, and evaluation of the adrenal function within the previous 12 months were screened (see Fig. 1 for a diagram, which also includes information on exclusion and dropout). Inclusion criteria were age 18-75 years and stable substitution therapy of all pituitary axes (if necessary) for at least 3 months. Patients were excluded if Beck Depression Inventory score exceeded the cutoff indicating moderate-to-severe depressive symptoms (12) . Pregnancy and a previous history of hypercortisolism also led to exclusion from the study. A peak cortisol of more than 500 nmol/l during the insulin tolerance test was used to categorize the patients as adrenal sufficient (patient controls (PC)) and a peak cortisol of !450 nmol/l to diagnose SAI. Owing to difficulties in establishing a clear diagnosis, patients with peak cortisol levels between 450 and 500 nmol/l were excluded from the study. Ninety-three patients met all inclusion criteria, of those 43 (nZ23 SAI, nZ20 PC) agreed to participate. Three SAI patients dropped out after initial consent but before treatment, and two SAI patients were excluded during the study for noncompliance, resulting in 18 SAI patients and 20 PC that completed the study protocol.
Before enrollment in the study, 12 SAI patients (66.6%) received a replacement regimen identical to treatment A, three patients (16.7%) received replacement identical to treatment B (for replacement therapies in this study, see below), and three patients (16.6%) received different regimens (i.e. 7.5-5-0, 20-0-0, and 15-10-0 mg). The average dose of HC before study entry was 17.1G4.3 mg. SAI patients received their original replacement regimen after they had completed the study, as data analysis and interpretation were ongoing at this time point. All patients with thyrotropic insufficiency received appropriate substitution with L-thyroxine and all patients with gonadotropic insufficiency received replacement with sex hormones except for postmenopausal women. Patients with somatotropic insufficiency received GH depending on clinical symptoms. SAI patients had significantly longer disease duration (P!0.05) and significantly more impairments of other pituitary axes (i.e. thyreotropic, gonadotropic, and somatotropic axis) compared with PC. For detailed information regarding clinical characteristics of SAI and PC, see Table 1 . Healthy controls (nZ21) were recruited by public advertisement and matched to SAI group by age and sex.
Study protocol
The study was approved by the Local Ethics Committee (permit no. 03-2279) and written informed consent was obtained from all participants. Based on a randomized, double-blind, crossover study design, each SAI patient received three different established glucocorticoid replacement therapies (i.e. treatment A, hydrocortisone 10 mg-placebo-5 mg-placebo; treatment B, hydrocortisone 10 mg-5 mg-placebo-5 mg; and treatment C, prednisone 5 mg-placebo-placeboplacebo) for 4-week periods. The order of replacement schemes was randomized to control for sequence effects and blinded for patients and study personnel. Identically looking capsules containing either medication or placebo were prepared by the pharmacy of the University Hospital Essen. Capsules were designed to be completely resolved within 30 min; hence, an effect of capsules on the pharmacokinetics of the active drugs can be excluded. Capsules were administered at distinct time points (i.e. 0700, 1200, 1500, and 1800 h). Given that a wash out period is not feasible in adrenal insufficient patients, questionnaires were completed at the end of each 4-week treatment regimen. At the end of each treatment period, patients returned to the study Figure 1 Patients (nZ248) with a history of pituitary surgery were screened. A peak cortisol of more than 500 nmol/l during the ITT was used to categorize patients as adrenal sufficient (patient controls (PC)) and a peak cortisol of !450 nmol/l to diagnose secondary adrenal insufficiency (SAI). HC, hydrocortisone.
center to submit the completed questionnaires and to receive the next drug supply, lasting for 4 weeks, together with precise instructions on how to administer the capsules. Patient and healthy controls were assessed for only one 4-week period.
Questionnaires
The effects of the different treatment regimens were assessed using validated questionnaires, described in detail below. On the last day of each 4-week treatment block (i.e. Sunday at 1200 h), quality of life (SF-36) and emotional distress (Brief symptom inventory( BSI)) were assessed retrospectively. Additionally, current psychological well-being (Bf-S) and alertness (Stanford Sleepiness Scale (SSS)) were measured over the course of the same day at 0700, 1500, 1800, and 2200 h. i) Health-related quality of life was assessed using the German version of the 36-item short-form health survey (SF-36), which quantifies various aspects of health-related quality of life in the last 4 weeks. The SF-36 contains eight subscales, which may be combined into two global health measures, i.e. the SF-36 Physical Sum score and the SF-36 Psychological Sum score, with lower scores indicating impaired quality of life (13) . This generic instrument was used given the lack of validated disease-specific instruments translated into German. ii) The German short version (BSI) (14) of the Symptom Check List 90 (SCL-90-R) was used to assess emotional distress during the past 4 weeks.
The BSI contains 53 items with a five-point scale (0, not at all; 4, extremely). The average score of all items yields the Global Severity Index, which represents the overall level of distress. Higher scores indicate higher distress. iii) Current psychological well-being was assessed with the German Bf-S (15). This validated checklist consists of 28 dichotomous adjectives describing opposing positive and negative psychological states (e.g. alive, faint; irritable, placid). Participants are instructed to choose one of the two dichotomous adjectives, which describes their current situation most adequately, or to choose a neutral statement 'neither -nor'. For analyses, a sum score for all items is calculated by assigning a '0' score for each positive statement, a '1' score for each neutral statement, and a '2' score for each negative statement. Hence, the Bf-S sum score is scaled from 0 to 56 with higher scores indicating impaired present state psychological well-being. iv) The German version of the SSS (16) was used to assess alertness across the day. The SSS is widely used in the field of sleep and fatigue research and is composed of seven statements regarding current alertness or sleepiness respectively. A SSS score of 1 indicates maximum alertness, and a score of 7 is indicative of maximum sleepiness. v) Overall satisfaction with the current medication was assessed within the SAI patient group using a 100 mm visual analog scale (from 'not at all' (0 mm) to 'very much' (100 mm)). NFA, nonfunctional adenoma; SAI, secondary adrenal insufficiency; PC, patient control. Significant group differences are printed in bold.
Statistical analyses
i) Effects of replacement regimens on psychological parameters within SAI patients were assessed with repeated measures analysis of covariance (ANCOVA) controlling for disease duration. In case of significant ANCOVA treatment effects, post hoc paired t-tests were computed. For variables that were measured over the course of the study days (i.e. current well-being and alertness), two-way ANCOVAs with the repeated factors replacement treatment and time were computed. ii) SAI patients were compared with patient and healthy controls with respect to sociodemographic and psychological parameters using independent samples t-tests, 
Results
Sociodemographic characteristics
Patients did not differ significantly from patient or healthy controls with respect to sociodemographic variables ( Table 2) .
Quality of life and emotional distress
Significant treatment effects were observed for the SF-36 physical sum scale (FZ3.8, P!0.05; Table 3 ), and SF-36 subscales physical function (FZ3.8; P!0.05) and physical role function (FZ3.7, P!0.05) (Fig. 2) . SAI patients reported improved physical quality of life (i.e. SF-36 physical sum scale, P!0.05; SF-36 subscale physical role function, P!0.05) during treatment A (i.e. hydrocortisone 10 mg-placebo-5 mg-placebo) compared with treatment B (i.e. hydrocortisone 10 mg-5 mg-placebo-5 mg). SF-36 physical function scores were significantly higher for treatment A vs treatment C (prednisone). No significant differences among treatment schemes were found for emotional distress (Table 3) . Compared with healthy controls, patients showed significantly impaired physical quality of life, i.e. lower scores on SF-36 physical sum scale (Table 3) as well as on most subscales, regardless of replacement regimen (all P!0.05; Fig. 2 ). Emotional distress was significantly higher in patients compared with healthy controls for all replacement treatments (all P!0.05; Table 3 ). No significant differences in quality of life and emotional distress between SAI patients and PC were observed (Table 3 ; Fig. 2 ).
Current psychological well-being and alertness
Significant changes in current well-being (Bf-S; Fig. 3 ) and alertness (SSS ; Table 3 ) over the course of the day were observed irrespective of medication (all P!0.05, time effects), attributable to the circadian rhythm. Interestingly, a significant interaction effect (replacement regimen!time, FZ2.2, P!0.05) was detected for current well-being (Bf-S). Post hoc analysis revealed a significant treatment effect at 1800 h (FZ4.5, P!0.05), with impaired current well-being for treatment B (i.e. hydrocortisone 10 mg-5 mg-placebo-5 mg) compared with treatment A (i.e. hydrocortisone 10 mgplacebo-5 mg-placebo) (P!0.05) and treatment C (i.e. prednisone 5 mg-placebo-placebo-placebo; P!0.05; Fig. 3 ). No further treatment effects were detected for current psychological well-being or alertness.
Compared with healthy controls, SAI patients displayed an impaired current well-being at 1200, 1500, 1800, and 2200 h, independent of replacement treatments (all P!0.05; Fig. 2 ), whereas no differences were observable between SAI patients and PC (data not shown). Interestingly, alertness did not differ between SAI patients and HC (Table 3) , as well as SAI patients and PC (data not shown) over the course of the day. 
Satisfaction with treatment regimens
Patient satisfaction did not differ significantly between treatment regimens (Table 3) , but large interindividual differences in treatment satisfaction (as indicated by large S.D.s) were observable.
Discussion
By implementing a randomized crossover study, we aimed to assess the effects of three standard replacement regimens commonly used in the treatment of SAI (i.e. HC twice or thrice a day, prednisone) on patients' subjective health. The crossover design allowed the assessment of treatment effects independent of interindividual differences regarding hormonal axes disturbances, additional replacement therapies, and disease pathogenesis. Our data indicate improvements in physical quality of life and current well-being in the early evening during replacement with hydrocortisone 10-0-5-0 mg. Nevertheless, except for alertness, none of the replacement regimens could completely restore psychological parameters to the level of healthy controls.
We analyzed a broad range of psychological parameters to detect possible beneficial effects of standard replacement regimens on subjective wellbeing in a carefully recruited cohort of SAI patients. However, in line with previous experimental studies in patients with primary and/or SAI (5, 6, 10), the observed effects were either small (for physical quality of life) or nonsignificant (for psychological quality of life and emotional distress). Patient satisfaction with the medication did not differ between replacement regimens, irrespective of the observed differences in quality of life. Together with the observed large interindividual variation of satisfaction with treatment regimen, these findings further underscore the previous suggestion by Arlt (1) '(.) to let the patient experiment with different timings to find the most suitable regimen for his individual needs'.
We observed a slight improvement in quality of life during HC replacement twice daily. This is at odds with the hypothesis that a thrice-daily substitution might better mimic the physiological diurnal cortisol variation (1). However, our standard twice-daily replacement regimen is confounded with the HC dosage. Hence, one may speculate that the beneficial effect of a twice-daily application may be rather attributable to a lower total dose of HC (i.e. 15 vs 20 mg). This is complemented by results of previous cross-sectional studies, which indicated an association between higher HC doses and impaired subjective health status (7, 9) . Unfortunately, our study design does not allow to clearly differentiate the effects of HC dosage and replacement regimen (i.e. twice or thrice daily). The observed beneficial effects of the twice daily HC regimen may also be due to the timing of the 5 mg dose, i.e. 1200 h in treatment B vs 1500 h in treatment A. The pharmacokinetic properties of HC may have led to low cortisol levels in the afternoon when administered at 1200 h, which may be avoided by administration at 1500 h. Whereas the primary aim of this study was to analyze the effects of clinically relevant and commonly used standard replacement regimens, the design of future studies should take the pharmacokinetic effects of HC into account.
Interestingly, physical role functioning (as assessed with the respective SF-36 subscale) was affected by HC replacement regimen in a previous study (9) and our study, suggesting that this area of quality of life may Table 3 Quality of life (SF-36), emotional distress (BSI), and alertness (SSS) in patients with secondary adrenal insufficiency (SAI), patient controls (PC), and healthy controls (HC). Quality of life (SF-36 sum scores), emotional distress (BSI), alertness over the course of the day (Stanford Sleepiness Scale (SSS)), and satisfaction with medication were compared within SAI patients for different replacement regimens (i.e. treatment A, hydrocortisone 10 mg-placebo-5 mg-placebo; treatment B, hydrocortisone 10 mg-5 mg-placebo-5 mg; and treatment C, prednisone 5 mg-placebo-placebo-placebo). indeed be susceptible to different HC regimens. Importantly, we observed beneficial treatment effects only for physical aspects of quality of life, while psychological quality of life and emotional distress did not differ between replacement regimens. This leads to the conclusion that additional, e.g. supportive psychosocial approaches may be required to improve these psychological impairments.
SAI patients (nZ18)
The need for additional therapeutic approaches is further underlined by our data revealing marked impairments in subjective health in SAI patients compared with a matched healthy control group, independent of replacement regimen. This is consistent with previous observational studies comparing patients with primary AI and SAI to normative control groups (2, 7, 8, 9) . One reason for impaired subjective health may be that common replacement regimens are not able to mimic the physiological diurnal pattern of cortisol secretion (1) . This might be overcome by promising new developments of time-released medication (17, 18) . In addition, subjective health may also be affected by multiple aspects of SAI such as the mere fact of having a chronic disease, the need for chronic medication, or working disability (7, 19) . This is corroborated by our finding that patients from our control group (i.e. patients with pituitary disease and adrenal sufficiency) showed mutually the same impairments in psychological variables as the SAI patients, even though SAI patients also suffered from a more pronounced pituitary insufficiency. Nevertheless, given accumulating evidence that standard replacement regimens fail to completely restore quality of life in AI (1) and that patients with AI are at risk for severe affective disorders (3), clinicians should routinely screen their patients for psychiatric symptoms and/or psychological distress and may consider supportive psychosocial interventions (19, 20) .
This study has limitations that should be considered when interpreting the results. The observed treatment effects for subscales (i.e. SF-36) or single time-points (i.e. SSS) should be cautiously interpreted in the light of small effect sizes and the potential risk of type-I-error, until further studies confirm these findings. Further, treatment outcome was assessed after 4-week periods, which are comparatively short for quality of life assessments. Longer treatment periods might have revealed (additional) treatment effects. Clearly, this study suffers from a lack of statistical power, which bears the risk of not being able to detect existing treatment effects (i.e. type II error), and may be one possible explanation why we did not observe differences in psychological variables between SAI patients and PC. However, SAI is not only a serious but also a relatively Higher scores indicate impaired psychological well-being (Bf-S). Significant changes of current wellbeing over the course of the day were observed independent of replacement regimen (all P!0.05, time effects) as well as for controls, attributable to circadian rhythm. Within SAI patients, a significant interaction effect (replacement treatment!time, FZ2.2, P!0.05) was detected for current well-being (Bf-S). Post hoc tests indicated impaired current well-being at 1800 h during treatment B compared with treatment A and treatment C ( # P!0.05). Compared with HC, SAI patients displayed an impaired current well-being at 1200, 1500, 1800, and 2200 h, independent of replacement treatment (*P!0.05, **P!0.01 vs each replacement scheme). rare disease. While this kind of study is urgently needed, it is extremely difficult to recruit larger patient cohorts, which is further underscored by the fact that our initial screening of nZ248 patients who had undergone pituitary surgery resulted in a study cohort of only 18 patients. Keeping this restriction in mind, our data indicate beneficial effects of a 10-0-5-0 mg hydrocortisone replacement regimen on physical quality of life (i.e. physical functioning and physical role function) and current well-being in SAI patients. However, the effects were relatively small, and none of the treatments successfully restored subjective health when compared with healthy controls. These data underscore the need for more sophisticated physiological replacement regimens in combination with supportive psychosocial interventions in SAI patients.
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